A gene was identified in camelpox virus strain CP-1 that is similar to the 160K gene of cowpox virus strain Brighton (BR) that encodes the A-type inclusion body protein (ATIP). The CP-1 gene was mapped, sequenced, and the presence of the ATIP-specific mRNA was demonstrated. The open reading frame [2178 nucleotides (nt)] was found at a similar position in the CP genome as the one reported for the cowpox virus 160K ATI gene. DNA sequence comparison revealed a deletion of two adjacent adenine residues relative to cowpox virus BR, generating a reading frame shift accompanied by the formation of a translational stop codon. An identical deletion has been described for vaccinia virus strain Western Reserve. The DNA sequence of the corresponding region of monkeypox virus strain Copenhagen revealed a deletion leading to a putative stop codon 75 nt upstream of the same stop codons in the camelpox and vaccinia virus genes. These findings are consistent with the expression of truncated ATIPs, of 94K in vaccinia and camelpox viruses and of 92K in monkeypox virus. In addition, a deletion of 789 bp could be localized downstream of the ATI open reading frame in camelpox virus isolates of different origin. This causes the transcription of a shortened ATIspecific mRNA (3"7 kb) relative to vaccinia and cowpox viruses (both 4.5 kb). The similarity observed in ATIPencoding and flanking sequences might suggest that vaccinia and camelpox viruses are descended from a common ancestor.
Replication of some species of the genus Orthopoxvirus (OPV) results in the accumulation of viral material in cytoplasmic inclusions (Moss, 1990) . These 'A-type' inclusion bodies (ATIBs) are used as a morphological marker for differentiation of OPV species (Kato et al., 1959) . ATIB formation has been reported for cowpox (COP) virus (Downie, 1939) , ectromelia virus (Marchal, 1930) , and raccoonpox virus (Patel et al., 1986; Knight et al., 1992) , but is not found in cells infected with vaccinia, variola, monkeypox (MP) or camelpox (CP) viruses (Fenner et al., 1989) . Instead, in the cytoplasm of only a few infected cells the formation of rather small and irregular inclusions can be seen. It has been suggested that the occlusion of mature virions into ATIBs allows prolonged survival and more efficient dissemination of the virions (Ichihashi et al., 1971) . CoP virus-specific ATIBs appear late in the viral multiplication cycle, and the 160K A-type inclusion protein (ATIP) (Shida et al., 1977 ) is a late viral gene product (Patel & Pickup, 1987;  The nucleotide sequence data reported in this paper have been submitted to the EMBL database and assigned accession number X69774. Funahashi et al., 1988) accumulating in high amounts in infected cells (Patel et al., 1986) . In ectromelia virus-and raccoonpox virus-infected cells the size of the induced ATIP is about 130K and 155K respectively (Patel et al., 1986) . Despite the absence of morphologically defined ATIBs, ATI-related proteins with apparent relative molecular masses ranging from 92K to 96K have been described for MP, vaccinia and variola viruses (Patel et al., 1986; Fenner et al., 1989; DeCarlos & Paez, 1991) . Monoclonal antibodies cross-react with ATIPs of either CoP, ectromelia and vaccinia viruses or CoP and ectromelia viruses (Kitamoto et al., 1984 (Kitamoto et al., , 1986a , indicating a close relationship. Sequence comparison of the genes encoding the 160K ATIP of CoP virus strain Brighton (BR) (Funahashi et al., 1988) and the 94K ATIP of vaccinia virus strain Western Reserve (WR) revealed extensive similarity. Although producing ATIP of different sizes, the mRNAs of both viruses are similar in length and have equivalent 5' and 3' ends (Amegadzie et al., 1992) . However, a frameshift mutation in the 3' part of the open reading frame seems to be responsible for expression of the truncated 94K ATIP (DeCarlos & Paez, 1991; Amegadzie et al., 1992) . In this study we investigated the ATIP-encoding region of CP and MP viruses, two OPV species that do not induce typical ATIBs (Mahnel, 1974; Fenner et al., 1989) . PCR was utilized to obtain a specific hybridization probe for the detection of ATIP gene regions in different OPVs. To this end, the primers CoPV-01 and CoPV-02 were synthesized according to the published D N A sequence of CoP virus BR (Funahashi et al., 1988) , encompassing the ATIP gene from the translational start codon up to nucleotide (nt) 3735, 120 nt upstream of the stop codon (Fig. 1 c) . The sequences of the primers were TAAATGGAGGTCACGAACCT (CoPV-01, sense) and TTCCAATTCACGTTCGCATG (CoPV-02, antisense). Amplification with BR DNA resulted in a specific fragment of 3-7 kbp and restriction enzyme analysis confirmed its identity (not shown). The PCR fragment was isolated and used as hybridization probe after random primed incorporation of digoxigenin-11-dUTP (non-radioactive DNA labelling kit; Boehringer Mannheim). EcoRI digests were prepared from genomic DNA of CP virus strains originally isolated in Iran (strain CP-1, Ramyar & Hessami, 1972) , Mauritania (CP-2), Niger These results demonstrate that sequences similar to the ATIP gene are located in this single EcoRI fragment, and that in CP viruses the ATIP-encoding region exhibited a deletion of about 1.0 kbp in total, which is accompanied by the loss of one EcoRI site. For more precise mapping studies, the 4.8 kbp EcoRI fragment of strain CP-1 was cloned into vector pTZ19R (Pharmacia-LKB) using standard procedures (Sambrook et al., 1989) . Results of restriction enzyme mapping of the recombinant plasmid priM-4.8 are summarized in (Fig. 1 c) . As can be seen, some HincII, AccI and PstI sites were conserved. The most striking difference was the existence of a 0.5 kbp PstI-HincII fragment in the CP-1 genome, which hybridized to a 1"3 kbp PstI-HincII fragment of WR and BR DNA (not shown). These results, taken together with comparative restriction analysis (not shown), confined the deletion of CP-1 DNA to about 0.8 kbp (Fig. 1 d) .
In order to demonstrate the presence of ATIP-specific transcripts, total cellular RNA was isolated (Chomczynski & Sacchi, 1987) late after infection of cells with vaccinia virus LS, CoP virus BR or CP-1 virus. Polyadenylated RNA was obtained from two cycles of oligo(dT) chromatography (Biometra). Northern blot hybridization was performed using the ATI gene-specific probe obtained by PCR (see above) and which was labelled by random primed incorporation of [ct-3~P] -dCTP (3000Ci/mmol; Amersham). A 4.5kb ATIspecific mRNA was transcribed in vaccinia virus LS-and CoP virus BR-infected cells, as described earlier (Patel & Pickup, 1987; Amegadzie et al., 1992) , whereas the ATIP-specific transcripts of all CP virus isolates investigated exhibited a reduced size of 3"7 kb (data not shown). Although the exact 5' and 3' ends of the CP mRNA have not been determined, these results suggest that start and termination of ATIP gene transcription might be identical to those of WR and BR. The expression of the truncated mRNA in CP-infected cells correlates well with the described 0.8 kbp deletion in CP DNA.
To determine whether this DNA deletion might also lead to truncation of the ATIP in CP, 3324 nt of the 4.8 kbp EcoRI fragment were sequenced. To this end, priM-4.8 DNA was cleaved with the restriction enzymes indicated in Fig. 1 and the resulting fragments were cloned. Recombinant plasmids pl/1, p4, p3/1 and p3/18/1, pCPHH-1, pSIX-1 and pCPHM-1 (Fig. ld) were sequenced by the dideoxynucleotide chain termination method (Hattori & Sakaki, 1986; Sanger et al., 1977) in the presence of [e-35S]dATP (> 600 Ci/mmol; Amersham) using a T7 sequencing kit (Pharmacia-LKB). The sequence was determined from the left EcoRI site up to the HincII site to the right of the deleted sequences (Fig. 1 d) . Sequence data (not shown) were analysed by the GCG software package (version 7.0) of the University of Wisconsin Genetics Computer Group (Devereux et al., 1984) . This revealed an overall identity of the defined CP-1 region of 96.6 % with WR and 95"5 % with BR. Within the CP-1 sequence, an open reading frame accounting for 2178 nt and a coding capacity of 84-4K could be located (nt 608 to 2786) that displayed marked similarity to the corresponding regions of CoP virus BR and vaccinia virus WR. In addition to some single base differences, a few small deletions or insertions (Fig. 4) . Taken together, the deletions or insertions in the ATIP gene open reading frame result only in minor amino acid alterations between the three ATIP peptides. The coding capacity of the ATIP gene of CP comprises 726 amino acids, which is nearly identical to that of the WR gene (724 amino acids), and quite different to the 1284 amino acids of the BR-encoded ATIP. Likewise, nearly identical Mrs of the ATIP of CP (84.4K) and WR (84.1K) can be calculated from the sequence, and the amino acids of the proteins were 95"58 % similar and 94"06 % identical.
Computer-aided inspection of the 726 amino acids common to the ATIP of the three viruses did not show obvious differences with regard to composition, hydrophilicity or charge. The extensive similarity (Fig. 4) between WR or CP amino acid sequences and the Nterminal part of the BR ATIP gene suggests a close antigenic relationship. Indeed, a monoclonal antibody specific for the 160K ATIP of BR was found to crossreact with the 94K ATIP induced by WR and CP (C.-P.
Czerny & H. Meyer, unpublished results).
Comparison of the sequences beyond the translational stop codons of the CP ATIP-encoding region exactly localized the 789 bp deletion comprising nt 2368 to 3156 (Fig. 1 c) . The sequences of the primers were Funahashi et al., 1988) . In vaccinia and CP virus only four repeat copies were found (Fig. 4) , whereas the ATIP gene of MP virus displayed only one copy (Fig. 5) 
